We show that solitary wave solutions of the one-and two-fluid MHD equations, here called alfvenons, represent two types of electric field structures with negative or positive potentials that can explain the acceleration of particles in the solar corona. Negative potentials are created self-consistently by fast alfvenons and can reach hundreds of kilovolts, which could accelerate the electrons that produce X-ray emissions during flares. Slow alfvenons create positive potential structures of a few kV that accelerate solar wind ions. These alfvenons can be powered by irregular plasma flows in the photosphere and chromosphere, as well as by time-varying magnetic fields during reconnection events at the tops of coronal loops. Similar alfvenon structures are observed in the terrestrial magnetosphere, where they accelerate particles related to aurorae.
1. INTRODUCTION The generation of solar wind with protons streaming at 300-800 km s �1 , after acquiring first the gravitational escape speed of 600 km s �1 , implies the presence of positive acceleration potentials of 2-5 kV in the corona. Scattering a fraction (∼0.5 keV) of the ion kinetic energy would produce particles with high coronal temperatures: ∼5 MK. The active Sun emits Xrays corresponding to electron energies of tens to hundreds of keV, which requires the presence of accelerating potentials of hundreds of kV in active regions. Furthermore, the energy spectrum of particles accelerated in the solar corona extends to tens of MeV (Miller 1998; Aschwanden 2004) , suggesting the presence of correspondingly high effective potentials. Thus, the major problem of solar physics consists of finding explanations for the emergence of electric field structures with sufficiently high voltages, capable of accelerating solar wind ions to ∼3 kV and electrons in flares to ∼100 kV. The highly publicized problem of "the heating of the corona" requires only the scattering of a small portion of the beam energy of solar wind ions or of accelerated electrons.
Recently, it has been demonstrated that structures with large electric potentials can be spontaneously created by nonlinear magnetohydrodynamic waves (alfvenons) in the solar corona (Stasiewicz 2006) and in the magnetosphere (Stasiewicz 2007 ). Although it is well known that one-or two-fluid MHD equations describe various branches of sinusoidal waves (Stringer 1963) , it is less known that these equations also describe exponentially varying solutions that form solitons (McKenzie et al. 2004 ). Concepts of flare energy transport by Alfvén waves were invoked by many authors, and recently by Fletcher & Hudson (2008) . Large-amplitude nonlinear solitary structures are not theoretical speculations, but phenomena observed by the Cluster and other spacecraft at the bow shock, at the magnetosheath, and in the magnetosphere, which have been quantitatively modeled as solutions of two-fluid, or Hall-MHD, equations for collisionless plasmas (Stasiewicz 2004a (Stasiewicz , 2004b (Stasiewicz , 2005 
ELECTRIC FIELD AND POYNTING FLUX
Consider an MHD wave in the plasma rest frame of reference, with speed in the x-direction at an angle a to the q/k background magnetic field . We as-B p B (cos a, 0, sin a) 0 0 sume that plasma parameters vary mainly along x, so that , and transverse gradients can be neglected. �/�x k �/�y, �/�z Under such an assumption, the electric and magnetic fields are and , where delta
quantities represent wave perturbations of arbitrary amplitude. The power available for acceleration of plasma by waves is related to the electromagnetic energy (Poynting) flux, S p . The component of this flux along the direction
0 k x z y z y where and correspond to Alfvénic and magnetosonic dB dB y z polarizations, respectively. In the case of sinusoidal waves,
while the x-component can be obtained from the generalized Ohm's law as
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Here, is the Alfvén speed,
is the Alfvén Mach number, is the elec-
tron pressure, is the ratio of electron and magnetic field b e pressures, and is the ion inertial length. A small l p V /q 
netic perturbations by velocity perturbations as implied by the momentum equations, , we find an M p (gb/2) cos a for acoustic waves, with .
NONLINEAR WAVES AND ACCELERATION
The location of linear and nonlinear waves in the phase space ( ) is best studied by using a general dispersion equation M, a for two-fluid waves (Stasiewicz 2007) , k l ! 0 i correspond to linear, sinusoidal solutions (white regions). Both types of solutions represent normal modes of the system, which exactly conserve the number flux, the momentum, and the energy flux. The nonlinear equations listed by Stasiewicz (2005 Stasiewicz ( , 2007 are solved numerically in order to find the spatial profiles of , which are used to determine the Poynting dB , dB , dE , dN y z x flux (eq.
[1]) and integrated potential . Gener-
ally, these equilibrium solutions represent solitary, bipolar electric structures with either positive or negative potential. The sign of the potential is determined by the sign of in equation E x (3), which depends on the sense of polarization of the transverse magnetic field, or sign of . Left/right hand polarized strucdB y tures correspond to slow/fast alfvenons and produce positive/ negative potentials.
The presence of a perpendicular potential implies the creation of a parallel potential difference of the same magnitude, and vice versa. The parallel potential is related to that can be E k obtained from the generalized Ohm's law (e.g., Krall & Trivelpiece 1973) as
Ne �t Thus, there are four mechanisms supporting in two-fluid E k MHD: (1) classical or anomalous resistivity, h; (2) the electron pressure gradient along the magnetic field; (3) the magnetic mirror force acting on anisotropic electron pressures; and (4) electron inertial effects. The above equation is valid for all wave modes and structures in fluid approach. Yet another mechanism for the parallel electric field can be provided by double layers (e.g., Charles 2007) which are on smaller, Debye length scales and require kinetic description. Phenomenologically, they can be included in equation (7) as a sort of anomalous resistivity.
The electric potential F modifies particles trajectories in the phase space. Conservation of the total energy,
is the gravitational po-
tential, implies that particles entering the structure would change their kinetic energy by an amount corresponding to the difference of the potential energies. In a collisionless plasma the perpendicular velocity is constrained by conservation of the first adiabatic invariant, leading to an increase of and 2 v k lowering of the mirroring altitude of particles to denser regions where they can be subject to collisions. Particles will dissipate kinetic energy by instabilities related to pitch angle anisotropy, through X-ray emissions, heating of the ambient plasma, and ionization of the neutral atmosphere at low altitudes. Heating can be also accomplished by ion Landau damping of slow modes and electron Landau damping of fast modes. The dissipative processes are beyond the formalism of the present stationary model and their description would require a fully kinetic model supported by simulations. 
FAST ALFVENONS AND SOLAR FLARES
Each point in Figure 1 represents a solution which uniquely determines the size of the soliton (here called alfvenon) and its physical properties such as the electric field, potential, magnetic field, currents, and density perturbations. Values of maximum electric potential and Poynting flux for alfvenons propagating at two different angles, and cos a p 0.03 cos a p , have been extracted from computed profiles and are shown 0.3 in Figure 2 . It can be seen that fast alfvenons located between the Alfvén mode and the fast magnetosonic mode can generate potentials that reach values (shown in Table 1 ,
assuming a proton plasma). This potential decreases when approaching the fast mode . On the other hand, slow M p 1 alfvenons, located between the IEAW/acoustic and the slow magnetosonic mode can produce potentials only up to ∼ , which also become very small when approaching the �3 10 F A slow mode. Figure 2 and Table 2 can be used to infer possible energy fluxes that could be carried by these alfvenons.
In Figure 2 and B p 100 G, N p 10 cm potentials of kV, but potentials of tens MV are also F p �500 possible. It is natural to associate these alfvenons with solar flare events. The required Poynting flux could be produced both by irregular plasma flows in the chromosphere, equation (5), and by time varying magnetic fields, equation (4), during reconnection events at the top of coronal loops. Fast alfvenons create negative potentials, which can accelerate electrons in one direction, and ions in the opposite direction. Note that lower plasma densities create higher potentials, favoring high-altitude sources of the most energetic solar flares. In astrophysical objects with, for example, kG and cm , fast alfven- Acceleration by coherent electric field structures implies that ion and electron footprints should not be colocated. Spatial separation of emissions from accelerated electrons and ions has recently been confirmed in RHESSI measurements by Hurford et al. (2003) . Similar structures and processes are observed in the terrestrial magnetosphere, where earthward accelerated electrons (1-20 keV) producing aurorae are measured together with accelerated ion beams moving in the opposite direction (e.g., McFadden et al. 1999) . Fast alfvenons represent a twist of magnetic field lines, where the transverse components dB y and make helical rotations around the guide field. Because dB z the structure propagates obliquely across the magnetic field it has continuous access to flux tubes with nondepleted electrons. Furthermore, some alfvenon solutions contain return fieldaligned currents, and they are very thin structures surrounded by ambient plasma. This could provide a mechanism for recycling electrons involved in parallel acceleration, solving possibly the problem of number of electrons needed to maintain long-duration flare activity (Fletcher & Hudson 2008) .
SLOW ALFVENONS AND THE SOLAR WIND
For the acceleration of the solar wind, much smaller potentials, 2-5 kV, are needed. These potentials should be positive in order to drive ions out from the chromosphere. A natural candidate for such electric structures are the slow alfvenons shown in Figure 2 Table 1 would support electric field structures F ∼ 5000 A with a potential corresponding to the typical energy of solar wind ions. The Poynting flux (eq. [5]) driving slow alfvenons is most likely created by irregular plasma flows related to the universal convection granulation observed in the Sun's photosphere.
A connection between slow mode waves and sources of solar wind has recently been confirmed with Hinode data by Cirtain et al. (2007) and Sakao et al. (2007) . The presence of slowmode structures on coronal loops has also been confirmed experimentally by De Moortel et al. (2000) and Robbrecht et al. (2001) . The present model appears to be consistent also with observations (e.g., Woo & Habbal 2005) , which indicate that slow wind is initially confined in closed loops at borders between active regions and coronal holes, while the fast wind is cooler, less dense, and emanates directly from coronal holes with steeper radial density gradients. Indeed, Table 1 shows that less dense plasma would support larger potentials, provided the magnetic field strengths are comparable in both cases.
L156 STASIEWICZ & EKEBERG
Vol. 680
6. DISCUSSION The generic mechanism for parallel Poynting flux generation by magnetic footprint motions described by equation (5) would lead to a gradual buildup of magnetic and thermal energies of the loop until the system becomes unstable and ends up with eruptions such as flares or coronal mass ejections. Alfvenons carry large field-aligned currents, so they would contribute to the magnetic structure of coronal loops. The acceleration of particles by coherent electric field structures represents a onestep process, different from stochastic acceleration (e.g., Petrosian & Liu 2004), which is described by quasi-linear diffusion equation. However, particles trapped on closed loops could have multiple interactions with alfvenons and be accelerated to higher energies. Loop-top regions of hard X-ray emissions identified in Yohkoh data by Masuda et al. (1994) could correspond to such trapped particles accelerated by alfvenons.
The scale of alfvenons propagating quasi-perpendicularly is typically several ion inertial lengths (Stasiewicz & Ekeberg 2007) length km, which corresponds to the size of elemen-L ≈ 100 k tary acceleration structures inferred from high time resolution measurements of radio emissions generated by accelerated electron beams (Xie et al. 2000) . Observations of drifting frequency patterns are commonly interpreted as related to electron beams produced in the reconnection region (Aschwanden & Benz 1997) . However, bidirectional electron beams generating strong Langmuir waves (∼1 V m �1 ) are associated with alfvenons observed in auroral regions (e.g., Stasiewicz et al. 1997 [see Figs. 11-13] 10 -10 observed by many magnetospheric satellites in the auroral regions (e.g., Ergun et al. 1998) , including the recent Cluster mission (Marklund et al. 2001 ).
The transverse horizontal extension of alfvenons (y-direction) can match the driver size of solar convection granulation, and the accelerated plasma will spread along B; both dimensions are of many Mm, which should be detectable by optical instruments. Thin threads and arcades of heated plasma seen in images from the TRACE spacecraft 3 and Hinode (Cirtain et al. 2007 ) are possibly manifestations of remnants of alfvenons described above.
CONCLUSIONS
We have shown that the acceleration of the solar wind to the observed potentials 2-5 kV can be accomplished by electric structures of slow alfvenons driven by irregular plasma flows in the photospheric granulation. Slow alfvenons create positive potentials expelling ions into interplanetary space. Transferring some 15% of the ion energy to the electrons by collisions or plasma instabilities, viz., slowing down of the beam ions, could explain heating of the corona to ∼5 MK. Acceleration of particles in solar flares and additional electron heating can be attributed to fast alfvenons created by varying magnetic fields in coronal loops. Fast alfvenons are shown to support negative potentials of hundreds of kV, providing an explanation for the energies of X-rays and gamma rays created in the solar corona during flares. Similar structures (with sizes scaled by and l i potentials by ) are observed in the terrestrial mag-F p B V l 
